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Abstract 


The  adsorption  of  C2n2  cn  results  in  two  desorption 

states  (3,3).  The  a  state,  Tm,„  =  363K,  is  due  to  the  desorption 

m  a  X 

of  moleculariy  adsorbed  C-,N-.  The  S  state,  T  _  *  730K,  mav  be 
due  to  the  recombination  of  adsorbed  CN  groups  or  the  decompo¬ 
sition  of  an  extended  (CN)x  polymer.  Coadsorption  of  H2  2nd  C-N’2 
results  in  a  surface  nitrene  which  decomposes  to  give  back  H 2  2nd 
C2N2  at  430K.  Decomposition  of  ethylened i amine  results  in  the 
same  species.  Dehydrogenation  of  ethylene-d^-d i amine  shows  that 
the  amine  hydrogens  are  removed  first  in  this  process  followed  at 
430K  by  the  removal  of  the  hydrogens  from  the  carbons  liberating 
C2n2  as  the  final  product. 

Copy  available  to  DTIC  does  not 
permit  fully  legible  reproduction 
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1.  INTRODUCTION 


Recently  there  have  been  several  studies  cf  the  bending  and 
chemistry  of  organic  cyanides  cn  the  surfaces  of  a  variety  of 
single  crystal  metals;  CH^CN  (10),  CH^NC  (10),  HCN  (2,3),  C2N2 
(1,2,4-6,10,12-14),  and  C.N.H,  (11)  have  been  the  obiects  of 

**  “*  O 

studies  on  various  surfaces  of  Pt ,  Ni ,  and  Cu . 

The  oxidation  of  C-,N2  has  been  studied  on  Cu(!)  .  The  thermal 
chemistry  of  C2N2  has  beer,  studied  previously  cn  ?t(100j  (4,13, 


14),  Pt(llC)  (2,6),  Pt(lll)  (12)  and  a  steooed  Pt  surfac 


e  wit: 


?t(lll)  terraces  (5)  .  Only  C2SJ2  observed  as  a  desorption 
product  from  Pt  surfaces.  In  all  of  these  cases  three  desorption 
states  are  observed  (a,  3^,  $  2)  .  The  a  state  desorbs  in  the 
temperature  range  of  370  K  (for  the  Pt(lll))  to  460  K  (for  the 
Pt(110)  surface) .  The  3^  state  desorbs  in  the  range  630  X  -  690 
K.  The  3 2  state  desorbs  in  the  range  750  X  to  above  SCO  X.  The 
present  interpretation  of  the  a  state  is  that  it  is  due  to  mole- 
cularly  adsorbed  cyanogen.  Two  interpretations  of  the  3  states 
have  been  put  forward.  Lambert,  et.  al.  (2)  have  suggested  that 


the  3  states  are  due  to  the  recombination  of  C 


N  groups,  while 


Netzer,  et.  al.  (4)  have  proposed  the  existence  of  a  paracyancgen 
like  cverlayer. 


In  this  oaoer  we  describe  the  chemistrv  of  C-N’-,,  the  ccad- 
sorption  chemistry  of  H2  and  an°  the  decomposition  of 

ethylenediamine  on  Pt(lll). 


Wj,\\>V/Vv'.>V/vV 
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2.  EXPERIMENTAL 

Ail  experiments  were  performed  in  a  stainless  steel  ultra 
high  vacuum  chamber  with  a  base  pressure  of  less  than  1  X  1 0  ~  ~ 
torr.  The  system  is  equipped  with  four-grid  LEED  optics,  a  UT 
100C  quadrupole  mass  spectrometer  and  an  argon  ion  gun.  Auge 
analysis  was  performed  by  using  the  LEED  optics  as  a  retard  :n 
field  analyzer.  The  mass  spectrometer  is  multiplexed  with  an  13 
Personal  Computer,  which  performs  at  sufficient  speed  to  alio 
the  monitoring  of  sixteen  separate  masses  and  the  crystal  temper 
ature  every  second.  The  Intel  3057  mathematics  coprocessor  i 
used  to  aid  in  signal  averaging  of  the  mass  and  temper  a  tur 
signals  and  in  evaluating  a  fourth  order  polynomial  to  correc 
for  non-linearities  in  the  thermocouple  voltage.  The  compute: 
has  also  been  set  up  to  take  Auger  spectra  and  to  produce  hard¬ 
copy  output  on  a  dot  matrix  printer  of  both  the  Auger  and  therma 
desorption  spectra. 

2 

The  crystal  used  has  approximately  0.5  cm  surface  area  o; 
both  sides  and  is  1.5  mm  thick.  The  crystal  is  spot-welded  to  . 
platinum  wire  which  is  attached  between  two  copper  rocs.  Th< 
crystal  is  resist! vely  heated  by  a  dc  current  through  the  coppe: 
rods  and  the  spot  welded  ?t  wire.  The  temperature  ramp  is  forcec 
to  be  linear  by  a  simple  feedback  circuit  which  senses  the  therm¬ 
ocouple  voltage  and  controls  the  dc  power  supply. 

The  crystal  temperature  is  monitored  by  a  chrcmel-a! urns : 
thermocouple  spot-welded  to  the  edge  of  the  crystal.  The  copper 
rods  are  also  in  thermal  contact  through  sapphire  washers  with  : 


,  \ 


$21 


reservoir  of  liquid  nitrogen  which  allows  coding  of  the  crystal 

to  100  K. 

All  gas  exposures  were  performed  in  the  pressure  range  of  1  X 

-  9  -  8 

10  torr  to  5  X  10  torr.  Pressures  were  read  directly  from 
the  ion  gauge  without  correction  for  sensitivity  relative  to 
The  reagents  in  this  experiment  were  used  without  further  purifi¬ 
cation  before  introduction  to  the  vacuum  system.  The  ethylene- 
diamine  and  the  ethylene-d^-d i amine ,  which  are  liquids  at  room 


temperature,  were  degassed  by  several  freeze-pumt 
The  sources  and  stated  ourities  of  the  reacer.ts 


:vc  _  e  3 


ter i urn ,  Mathescn  -  purity  99.5%,  { 


i  r_  V  »  ~  2  d 


9  3.5%,  (3)  ethylenedi  amine ,  Fisher  -  {  4  '  ethyl  er.  e  - 

amine,  USD  -  purity  99.5%  {lot  *  15£3  -  H'. 

The  Pt(lll)  crystal  was  cleaned  by  standard  techniques 
bombardment,  annealing  and  oxygen  treatments.  Care  was  ta' 
avoid  any  contamination  of  the  crystal  by  strongly  bound 
which  has  been  shown  to  affect  the  chemistry  of  some  hydroc 
on  platinum  (9) . 


3.  RESULTS 


3.1  Cyanogen  on  Pt(lll) 

When  cyanogen  was  adsorbed  on  Pt'lli:  at  235  X  only 
crease  in  background  was  observed  in  the  LEFT  pattern.  V: 
heating  of  the  sample  no  ordering  was  observed. 

Thermal  desorption  spectra  (TCS;  of  C-,N-,  adsorbed  at  I 
Pt(lll)  as  a  function  of  coverage  are  shown  in  fig.  1. 


•m  O  v  O  m  -i  C  %n 


peak  (T  *  368  K)  desorbs  at  a  lower  t ert rerat u re  from  the  (111) 
max  * 

face  of  Pt  than  has  been  seen  from  Pt(IOO)  (T  =  412  X  (4)), 

ma  x 

Pt(110)  (T  *  463  X  (2))  and  Pt ( s) (9 (111) x ( 111 ) )  (T  =  405  X 
max  max 

(5)).  The  S  peak  (?  =  730  X)  at  moderate  to  high  coverages  is 

max 

very  broad  and  shows  no  characteristic  differentiation  into  two 
peaks  (3^  and  3  2)  .  Even  at  low  coverages,  where  typically  32  is 
the  predominent  peak,  only  a  single  peak  is  seen.  In  comparison 
to  the  peak  temperatures  for  the  3  peaks  on  the  other  Pt  surfaces 
studied  the  3  peak  in  this  experiment  is  most  similar  to  30.  On 
the  other  hand  3^  is  typically  the  larger  of  the  two  peaks  with 


32  only  showing  up  at  very  low  coverages 


5 r,c 1  j ^ c 0 r  to  z r. s 


3,  peak  at  high  coverages.  Nc  assignment  as  to  3,  or  l is  made 
in  this  study.  This  is  consistent  with  the  experiments  of  Hoff¬ 
mann,  et .  al.  which  also  do  net  cleanly  resolve  3^  and  32  states. 
The  ratio  of  integrated  intensity  in  the  a  state  to  the  3  state 
is  approximately  0.5  at  saturation  coverage. 

Our  results  are  in  good  agreement  with  the  peak  temperature 

(12) 

for  the  a  states  as  reported  by  Hoffmann,  et.al.  However, 

our  observed  a/3  intensity  ratio  is  very  different  from  that 

1 2 

reported  by  these  authors.  Quantitative  measurement s  or  t.ne  ^ 
intensities  in  the  work  of  reference  12  may  have  been  hampered  by 
desorption  from  the  crystal  suspension,  which  they  mention  as  an 
experimental  problem.  Also  the  adsorptions  of  ^2^2  tr!-3 

were  done  at  a  slightly  lower  temperature  than  the  experiments  of 
Hoffmann,  et.al.  and  this  may  contribute  to  the  enhanced  a/3 


The  carbon  and  nitrogen  coverages  on 


were 


the  surface 

lowed  with  Auger  electron  spectroscopy.  The  AES  spectrum 
saturation  coverage  layer  at  285  K  showed  a  C  to  ?t  inte 
ratio  (I  at  272  to  I  at  237)  of  >''0.44.  The  C  to  N  inte 

ratio  (I  to  272  to  I  at  381  correc  ted  for  the  ?t  in  tens: 

381)  was  0.7. 

3.2  C2^2  Coa^sor^s<^  with 

The  coadsorption  was  performed  by  first  adsorbing,  at  2 
10  Langmuir  of  H2  followed  by  the  cyanogen  exposure.  Se 
experiments  were  also  carried  cut  with  the  opposite  adsor 
order.  After  the  initial  exposure  no  LZZT  pattern  was  obs 
nor  was  any  observed  during  a  slow  heating  of  the  sample. 

Several  sets  of  typical  TDS  data  for  mass  32  are  s h c ' 
fig.  2.  As  can  be  seen,  a  new  C2N2  ?es'<  appears  when  cyanog 
coadsorbed  with  H-,.  This  teak  (T^_v  =  43S  X)  is  verv  share, 
for  low  exposures  of  cyanogen,  is  the  only  peak  observed  for 
52.  Saturation  of  this  new  peak  occurs  at  approximately 

exposure.  Fig.  3  shows  the  hydrogen  desorption  spectra  f 

clean  (H2  only  adsorbed)  and  coadsorption  experiments.  In 
paring  fig.  2  with  fig.  3  it  is  seen  that  the  H in.tens: 
removed  from  the  normal  desorption  state  and  shows  up  in 


state  with  Tmax  =  430  K,  which  is  the  sane  tencerattre  as 


for  the 

new  cyanogen  peak 

men 

tioned 

above.  The  shifting  o 

hydrogen 

intensity  to  the 

new 

s  1 3 1  e 

is  complete  at  the  rov 

of  cyanogen  which  c"  -raspc 

nds 

to  the 

saturation  exposure  :fo 

new  C2N2  peak  O.oLM.  upon  increasing  exposure  of  cyancge 
a  and  3  oeaks  are  seen  tc  grow  in  a  manner  similar  to  cyanog 


clean  Pt(lll).  The  major  difference  however,  is  that  tne 
of  peak  area,  a/3 ,  is  significantly  larger  in  the  case 
coadsorptior.  than  on  the  clean  surface  (rig.  4).  The  ra 
integrated  intensity  in  the  a  peak  (including  the  new 
state)  to  the  3  peak  is  approximately  1.1  as  opposed  to  the 
of  0.5  for  adsorption  on  clean  Pt(Lli).  This  is  not  the  c 
H2  is  adsorbed  after  the  €2^2*  For  postadsorbed  ^  the  a/3 
is  0.5,  the  same  as  in  the  absence  of  H-, .  A  similar  enhan 

4m 

of  the  a  peak  has  been  observed  by  Lambert,  et.  al .  (6)  in 

iments  on  the  coadsoroticn  of  C-.N-  and  CO  on  Pt'110'  . 
experiment  which  consisted  of  an  exposure  of  11  L  of  C0N-, 

-  i*. 

L  CO  only  the  a  peak  is  seen  and  the  3  oeak  is  corr.oletelv 

nated  from  the  deso 


our  experiments  tne  a  peak  is  somewhat  narrower  m  the 
of  H2  (compare  figures  1  and  2)  .  Lambert  also  coacso 
C2N2  with  0.3  L  H2  and  recorded  a  significant  amour 
evolving  from  the  surface  of  a  P t  (110)  crystal  (5) 
spectrum  was  reported  in  that  study.  We  also  have  no 
amounts  of  HCN  in  the  desorption  spectra.  However,  a 
impurity  in  the  cyanogen  makes  quantification  of  the 
HCN  from  hydrogenation  of  surface  CN  difficult  in  ou 
rnents.  The  substitution  of  ^2  -ne  coadsorptic 

resolve  this  issue  since  DCN  (mass  23)  desorbs  at  the  same 
per a tu re  as  CO  (mass  23)  which  is  present  in  small  amounts 
the  background.  The  amount  of  HCN  produced  in  our  experiments 
the  Pt(lll)  surface  appears  zo  be  much  smaller  than  the  amci 


observed  bv  Lambert,  et.  al.  from  the  ? t(110!  surface. 


in  which  the  H2  and  ^2^2  w-re  adsorbed  or.  the  surface  had  n. 
effect  on  the  generation  of  the  430  K  state.  In  either  order  n< 
displacement  of  the  initial  adsorbate  was  detected  in  the  mas: 
spectrometer  during  the  exposure  of  the  second  component. 

3.3  Sthylened iamine  and  Sthylen.e-d_j-diam.ine 


In  order  to  investigate  whether  th 


e  new  oea.s  m 


spectrum  of  the  cyanogen  ccadsorbed  with  H ^  was  possibly  due  to  a 
hydrogenated  cyanogen  surface  species,  the  chert ; s t r v  of  ethvler.e- 
diamme  (NH2-CH2-CH2_^'H2)  was  also  studied  on  this  surface.  The 


“sorptions  ::..ow: n 


^  -  Z  —  o 


only  products  seen  in  the  thermal  d; 
at  2  90  K  were  H2 >  HCN,  and  22^2  (se-  Tig.  5)  . 

The  broad  but  well-defined  nature  of  the  H-.  descent  ion  soec- 

im 

tra  suggests  the  existence  of  two  overlapping  peaks  possibly 
coming  from  the  sequential  dehvdrcaenation  of  the  an.ina  a1'4 
methylene  groups.  To  resolve  this  Question  the  ethyler.ed  i  amine 
experiments  were  repeated  using  the  selectively  ceuterated  ethvl- 
ene-d_j-d  1  amine  (NH2-CD2-CD2-NH2)  .  The  thermal  desorption,  spectra 
for  the  ’*2’  HD  and  D2  are  shown  in  Fig.  6a.  It  can  clearly  be 


seen  that  he  amine  groups  cehydrocer.a te  a: 


above  tn< 


on 

temperature 

and  that 

the  met  h  y 1 e  n  e  g  r  0 

ups  are 

dehyd  r 0- 

at 

higher  tempe 

ratures  . 

The  maximum  in  t 

Tg  r  3  ^  3 

of  i eh y - 

drogenation  of  the  methylene  groups  occurs  at  the  same  temper¬ 
ature  as  the  maximum  in  the  430  X  desorption  peak  of  2'  This 
phenomenon  is  discussed  below.  Fig.  5a  also  shows  3  summation  0 
the  H2  *  HD  -  D2  desorption  spectra  and  this  summation  is  com¬ 
pared  to  the  H2  desorption  spectra  from,  ur.deuterated  ethylene- 
diamine.  The  acreem.ent  is  verv  coed. 


n* 


4.  DISCUSSION 


4.1  C2N2  on  Pt(lll) 

The  thermal  desorption  spectra  of  cyanogen  from  ! 
Fig.  1  show  a  good  qualitative  agreement  with  experimen 
out  with  other  Pt  surfaces  (  (100)  ,  (110)  ,  and  stepp< 
The  low  temperature  a  peak  exhibits  no  shift  in  peak  t 
over  the  exposure  range  of  0.1  to  10.0  L,  which  is  ind 
a  first  order  kinetic  desorption  process.  Using  Sow 
tionshic  between  T  ,  the  width  of  ‘•he  descrc-ion  D-i 


or  cyanogen  rrcm  ?t(iUU)  (<?).  The  rac:  that  tr.e  a  peax  :s  seen 


to  be  first  order  on  all  the  ?t  surfaces  thus 


stuc  :ec 


strongly  supports  the  hypothesis  that  the  3  peak  is  the  desorp¬ 
tion  of  molecularly  adsorbed  cyanogen.  A  comolete  stud’--  of  the 
desorption  kinetics  of  the  a  state  on  ?t(lll)  which  will  allow  an 
independent  measurement  of  the  or  eexpcr.en  t  i  a  1  ar.c  activation 
energy  is  now  underway  in  our  laboratory. 

The  3  peak  as  shown  in  Fig.  1  exhibits  a  decrease  in  the  peak 

temperature  from  T  „  =  730  X  at  0.1  L  exocsure  to  T  =  ”3  !< 

max  *  max 

at  1.0  L  exposure.  Above  1.0  L  the  peak  temperature  is  seen  to 

increase  to  T  =  315  X  at  a  saturation  exposure  of  13.0  L. 
max 

Lambert's  interpretation  of  the  3  state  3S  recombination  of  CM 
groups  would  account  for  the  apparent  second  order  nature  of  the 


3  peak  at  low  coveraces.  However,  th- 


a  «a  5  <  -  a-r.  o-s  r 


rises  for  exposures  greater  than  1.0  L  precludes  the  assignee:, 
of  this  peak  to  simple  second  order  kinetics. 

Based  on  T^a^  for  the  a  peak  of  cyanogen  desorption  reports 
in  the  literature  combined  with  this  work,  the  order  of  activit 
of  Pt  surfaces  is  given  by : 

Pt(lll)  <  Pt(100),  Pt { stepped)  <  Pt(110) 

This  same  order  correlates  well  with  the  relative  areas  under  th 
3  peaks  of  cyanogen  compared  to  the  a  peak  at  saturation.  C 
clean  Pt(lll),  the  integrated  intensity  of  the  3  peak  is  0 
integrated  intensity  of  the  3  peak  at  saturation.  On  ?t(lGC)  an 


Pt (stepped)  the 

sta 

u  3 

contains  roughly  25%  of 

the 

intensity  seen 

in 

the 

3 

peak.  On  Pt(ilC)  the  a 

peak 

nonexistent,  wi 

th 

an 

integrated  intensity  only 

5-10% 

peaks.  This  trend  can  be  seen  to  extend  to  two,  more  active 
first  transition  series  elements  Mi  (111)  (10),  which  leads  t 
complete  dissociation  resulting  in  N2  production  and  Cu(lli'  (1) 
where  it  is  seen  that  cyanogen  desorbs  exclusively  from  the 
state  and  the  a  state  shows  only  weakly  at  very  large  exposures 
On  the  other  end  of  the  spectrum,  cyanogen  desorption  fro 
Ag(110)  (2)  shows  only  the  a  state.  We  feel  “hat  the  relativ 

insensitivity  of  the  3  states  to  the  structure  of  the  Pt  surfac 
favors  the  concept  of  a  paracyanogen  type  structure  for  the 
state  as  proposed  by  Netzer.  However,  the  recombination  of  C 
groups  can  not  be  ruled  out  without  further  spectre scopi 
studies.  Combining  our  results  with  previous  results  in  th 
literature  leads  us  to  the  more  complete  order  of  reactivity  0 
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